From a conservation point of view, species' tolerances towards disturbance are often generalised and lack reference to spatial scales and underlying processes. In order to investigate how average typical species react to habitat fragmentation and disturbance, we adopted a multi-species approach to address occupancy patterns of five specialised dune arthropods (butterflies Hipparchia semele, Issoria lathonia; grasshopper Oedipoda caerulescens; spiders Alopecosa fabrilis, Xysticus sabulosus) in recently fragmented coastal dune habitats which are subjected to varying levels and modes of local disturbance, i.e. trampling by cattle or people.
Introduction
Both natural and anthropogenic disturbances are known to affect the viability of populations (Hansen & Clevenger, 2005; Pascual & Guichard, 2005) . Many studies dealing with disturbance as a driving factor in metapopulation dynamics consider local disturbance as an agent that is directly responsible for local extinction events, so-called ''catastrophes''. In these cases, metapopulation extinction is directly affected by the degree of spatial correlation in disturbance processes and habitat geometry (Kallimanis, Kunin, Halley, & Sgardelis, 2005) , with spatially correlated disturbances eventually leading to metapopulation extinction in the absence of long-distance dispersal. Subsequently, deterministic disturbance events may affect patch connectivity by reducing the number of populations within the dispersal range of an organism. The degree to which populations are affected by the magnitude of local disturbance and its interaction with patch geometry, however, remains largely unanswered, although recent theoretical work highlights the importance of habitat availability, disturbance regime and dispersal properties (Kallimanis et al., 2005) . If the magnitude of local disturbance is inversely related to habitat quality, then source-sink models predict that patches with increasing local disturbance remain occupied only when connected to patches with a demographic excess (Kawecki, 2004) .
Within a conservation framework, species' tolerance towards comparable disturbances regimes is often generalised (White & Jentsch, 2001) . However, variation due to different spatial scales and underlying processes (Denny, Helmuth, Leonard, Harley, Hunt et al., 2004; Hobbs & Yates, 2003 ) is hardly addressed. Earlier theoretical (Henle, Davies, Kleyer, Margules, & Settele, 2004) and empirical work (e.g. Brouat, Chevallier, Meusnier, Noblecourt, & Rasplus, 2004; Dennis, Hodgson, Grenyer, Shreeve, & Roy, 2004; Krauss, Steffan-Dewenter, & Tscharntke, 2003; Steffan-Dewenter, 2003) revealed that distribution patterns are not only affected by differences in dispersal ability (which determine connectivity), but also by (often co-varying) traits related to habitat specialisation. In particular, species with different life-histories do not have the same resource demands and may considerably differ in their mode of habitat use (Dennis, Shreeve, & Van Dyck, 2003) . As a consequence, research of multi-species responses towards environmental changes may yield complementary insights for conservation and management purposes as opposed to single-species studies (e.g. Lambeck, 1997; Maes & Van Dyck, 2005; Simberloff, 1998) . If a species from a particular ecosystem is at high risk, comparison of its response towards a suite of environmental parameters may enable local managers to predict how conservation efforts targeted at this single-focal species can affect other species that are at less risk. However, when multispecies studies reveal contrasting patterns, it is difficult to set management priorities as beneficial actions for one species may be detrimental for another one. Instead, we argue that a compromise which generates insights into the average reaction of the species-group (the assemblage from which representative species are chosen) is more practical and that patterns revealed by the latter can be translated to management priorities that are beneficial to an entire group of species. This compromise can be expected to be a strategy for an optimal and sustainable conservation of local species richness, and not of one specific target species. Consequently, the delineation of management actions based on average reactions of species towards a particular disturbance regime may provide complementary information to the 'umbrella' approach, in which conservation actions are based on responses of one species that is assumed to be representative of an entire species assemblage (Fleishman, Blair, & Murphy, 2001; Fleishman, Murphy, & Brussard, 2000) .
In coastal dune ecosystems, trampling is often tolerated because of the assumed adaptation of species towards natural disturbance, i.e. aeolian dynamics (displacement of sand by wind; Bonte, Maelfait, & Lens, 2006) . focussed in detail on the habitat demands of the selected species and landscape-related factors that influence their colonisation and extinction dynamics. We here adopt the earlier delineated 'compromise' approach to study the average response of five arthropod species towards trampling variation (intensity and mode) by controlling for these earlier revealed landscape-related variation (see .
Material and methods

Studied species
The set of study species comprises two butterfly species, the Grayling Hipparchia semele (LINNAEUS 1758) and the Queen of Spain Fritillary Issoria lathonia (LINNAEUS 1758), the Blue-Winged Grasshopper Oedipoda caerulescens (LINNAEUS 1758) and the spiders Xysticus sabulosus (HAHN 1832) and Alopecosa fabrilis (CLERCK 1757). These species are restricted to dynamic grey dunes in the coastal area . Local distribution patterns in coastal dunes are affected by patch size, patch isolation and the intensity of trampling .
All species are active during the (late) summer , 2005 Kleukers, van Nieukerken, Ode´, Willemse, & van Wingerden, 1997; Maes & Van Dyck, 1999) . A. fabrilis is a burrowing species during its entire life (Bonte & Maelfait, 2005) , egg development of O. caerulescens takes place in the soil, but larval development is aboveground (Kleukers et al., 1997) , while egg and larval development of both butterfly species (Maes & Van Dyck, 1999) and X. sabulosus takes place in vegetation above ground-level (Bonte, unpub. data) .
Species H. semele and I. lathonia are mobile (Dennis, Shreeve, & Sparks, 1998; Maes, Ghesquiere, Logie, & Bonte, 2006) , O. caerulescens is moderately sedentary although some individuals can move for long distances (Appelt & Poethke, 1997; and both spider species A. fabrilis and X. sabulosus are believed to be very sedentary although X. sabulosus can use ballooning as a dispersal mode (Bonte, Lens, Maelfait, Hoffmann, & Kuijken, 2003) . All five species are of conservation concern in Flanders (Provoost, 2004) .
Methods
The study was carried out in 133 patches of dynamic grey dunes along the coast between Nieuwpoort -Belgium (51108 0 N, 2143 0 E) and Bray-Dunes -France (51105 0 N, 2133 0 E; see Supplementary Appendix A: Fig. S1 ). Like other coastal dunes in Western Europe, they comprise semi-natural landscapes that have been influenced by agro-pastoral use prior to the 1950s. Owing to the withdrawal of agro-pastoral activities, the rise of tourist activities and the dramatic decline in rabbit populations due to viral diseases, the formerly open landscape became urbanised and subject to shrub encroachment, resulting in an accelerated fragmentation of dynamic grey dunes (Provoost & Van Landuyt, 2001 ). Grey dune habitat was discriminated from unsuitable habitat from aerial orthophotographs based on vegetation-specific red (RED) and near-infrared (NIR) reflectance values (Provoost, Ampe, Bonte, Cosyns, & Hoffmann, 2004) . After discrimination, patches were digitised with a Geographic Information System (Arcview 3.1). Mean patch size was 1.44 ha (range: 0.0007-22.55 ha).
To determine the presence of the two butterfly species and the grasshopper, all sites were censused by standardised (equal search time for patch area) walks through the entire patch during the first 2 weeks of August in 2003 and in 2004 under suitable weather conditions (cf. Pollard & Yates, 1993) . Patches, independently surveyed by three different observers revealed identical presence/absence data and, hence, demonstrate the reliability of these data. Presence/absence of the two spider species was determined with pitfall traps between 20 August and 10 September in 2003 and in 2004 (diameter 9 cm, 6% formaldehyde-detergent solution). Earlier research indicated that, because of their high levels of epigeic activity and the open vegetation structure, species incidences can be determined with few pitfalls, randomly located in optimal habitat (Bonte, Baert, & Maelfait, 2004) . Therefore at least five traps were randomly placed with a maximum of 15 pitfalls in larger patches.
For all patches, area and proportion of area that showed trampled soil and vegetation (hereafter called trampling intensity) were assessed in addition to speciesspecific connectivity (see further). Patches were either subjected to trampling by introduced domestical herbivores, to trampling by mass-recreation or excluded from recreation and grazing. Grazed or excluded patches were never frequented by tourists. Grey dune fragments under recreational pressure are predominantly situated within urban areas, while those under grazing are situated within nature reserves. Our measure of disturbance intensity is a relative measure that gives insight into its spatial distribution within sites. Although it does not take temporal aspects of use into account, earlier surveys indicated that its intensity is reflected in the relative proportion of damaged soil, for a specific mode of disturbance (recreation or cattle). Although trampling by tourists or by cattle result in similar trampling patterns (destruction of moss coverage; Bonte, 2005) , temporal aspects of trampling greatly differ: public recreation mainly occurs during the summer season (season in which specialised arthropods occur as adults) estimated to approximate 300 h of recreation disturbance during the months July-August on the most accessible grey dunes (Bonte, 2005) , equalling maximal 0.1 h/year/m 2 for average patches under recreation. In contrast, cattle spend yearly only 7-9% of their time on dynamic grey dunes resulting in a mean annual disturbance of less than 0.2 h/year/m 2 (Lamoot, Meert, & Hoffmann, 2005) . This grazing mainly occurs during winter and spring (Lamoot et al., 2005) .
Because all surrounding habitat can be considered as being hostile, and because of the predominant aerial dispersal of the selected model species, we used simple connectivity indices based on patch-based weighted sums. These have been shown to be biologically relevant in species inhabiting landscapes with discrete habitat patches imbedded in hostile habitat and having aerial, non-directed dispersal modes (Winfree, Dushoff, Crone, Schultz, Budny et al., 2005) . More specifically we used Hanski's connectivity measure (Hanski, 1994) 
where a ¼ a constant describing the strength of the inverse relationship between numbers of migrants from patch j, d ij distance between patches, and N ¼ population size at patch j (1 in case of occupancy, 0 in the case of vacancy). We used a-values of 2 for the butterflies H. semele and for I. lathonia ; 25 for the grasshopper O. caerulescens (Appelt & Poethke, 1997; and 4 for the spiders A. fabrilis and X. sabulosus assuming ballooning dispersal for both species (Bonte et al., 2003) . These dispersal kernels are based on previous, independent empirical data sets from coastal dunes (Bonte et al., 2003; and are very similar to those reported in the literature. Sensitivity analysis and low variation within models of the species*connectivity interaction depict the robust influence of these constants on the patterns investigated, because connectivity is mainly affected by each species' spatial distribution within the landscape, i.e. by occupancy of neighbouring patches (Bonte & Maes, unpub. data) .
Statistical analysis
Mixed logistic models with logit-link for binomial data (0: absence; 1: presence; Procedure Glimmix; SAS statistical Package version 9.1, SAS, 2003) were applied to investigate occupancy patterns of the species. Species, year and their interactions with fixed factors were included as random factors because we aimed to analyse general occupancy patterns for specialised arthropods. In a first analysis, occupancy patterns were investigated in relation to trampling intensity, patch area and patch connectivity, which were included as fixed factors. As trampling mainly originates from recreation and grazing disturbance, the nature of the disturbance was added in a second analysis as a categorical fixed factor. Because trampling intensity ranged between 0% and 50% trampled soil under grazing and from 0% to 100% trampled soil under recreation, we selected 75 patches within the common range of 0-50% in order to test effects of trampling (disturbance) mode on species incidence. A backward procedure was applied to eliminate non-significant factors and interactions from both models. Denominator degrees of freedom were approximated using Satterthwaite's procedure in order to correct for the unbalanced design due to species-and year-effects.
Results
Patch area, trampling intensity and species-specific connectivity measures only show weak (r 2 o0.20) correlations (see Supplementary Appendix A). Most important is the positive relationship between patch area and connectivity for all species, mainly due to the absence of small patches with high connectivity. Fragments in sites subjected to recreational trampling are smaller than those subjected to cattle (Table 1) and those excluded for both cattle and vacationers. Mean trampling intensity was lowest in the latter, higher in fragments under influence of cattle trampling and highest in those subjected to recreation.
Species incidence was affected by the interaction between patch area, patch connectivity and intensity of trampling ( Table 2 ). The probability of occupancy increased when patches became larger or better connected. Under increasing trampling intensity, occupancy rates were high in large patches with high connectivity only. The statistical model is depicted in Appendix B of Supplementary material.
When the type of disturbance (recreation versus grazing) was added to the model, the probability of patch occupancy was positively affected by area and the interactions between disturbance mode and connectivity and trampling intensity, respectively (Table 3) . As evident from Fig. 1 , probabilities of patch occupancy, controlled for mean area and trampling intensity, increased faster for patches trampled by grazing than by people. The mode of trampling, as a function of its intensity (within the common range between 0% and 50%), showed contrasting patterns in patches of similar area and connectivity (Fig. 2) . In cases where trampling intensity was low, probabilities of patch occupancy were higher for sites under grazing than under recreational Estimates are not given for backwards deleted effects that contributed in a non-significant way. Only patches under grazing or recreational pressure with trampling intensity less than 50% were selected (for reasoning, see text). Nominator degrees of freedom ¼ 1. Species, species Â environment and year-interactions were included as random factors in the model. Only those variance components larger than 0.001 are listed in the table.
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disturbance. With increasing trampling disturbance, however, probabilities became relatively higher for sites under recreational pressure.
Discussion
Our selected species clearly show different reactions towards landscape-ecological features and disturbance, as reflected in the high variation components of the random factors. Threshold values to ascertain the presence of these species have been documented in . We here show that average occupancy patterns of dune arthropods clearly depend on the landscape structure, but also on its interaction with characteristics of local trampling disturbance. The strength of the applied analytic approach depends, however, largely on the variance among included species and their ecological affinities with the environment of interest. More specifically, only patterns that are common to all included species are retained while species-specific patterns will raise modelled variation components. This approach should therefore not be interpreted as an alternative for the multi-species approach in which patterns are analysed for several species separately. While the latter enables the assessment of necessary additive or complementary information for species conservation (e.g. Fleishman et al., 2000 Fleishman et al., , 2001 , our analysis provides a straightforward assessment of the average responses of the local species community towards modelled habitat-related factors.
Our habitat patches were discriminated on an objective basis that encompasses suitable habitat for all species (as revealed by previous independent ARTICLE IN PRESS Fig. 1 . Modelled probability of patch occupancy as a function of connectivity for patches under the influence of either grazing (left panel) or recreation (right panel). Occupancy probabilities and 95% confidence limits are derived from the logistic model ln (p/(1Àp)) ¼ int+b1 Â 1+b2 Â 2+y for which parameters estimates are given in Table 3 (for mean values of trampling intensity and area). research, . However, we cannot completely exclude unknown (and hence unmodelled) differences in habitat quality, which are interpreted as connectivity or disturbance effects. This may be true for, e.g. factors related to microclimate and lime richness of the soil, which both show conciderable spatial autocorrelation in relation to the distance to the sea . The presence of large populations of all selected species both close to the sea and close to the inner dune front renders this autocorrelation, however, unlikely. Because probabilities of species occupancy in patches under high local disturbance are only high within large areas having high connectivity, we can conclude that high levels of local disturbance give rise to mass effects (Leibold, Holyoak, Mouquet, Amarasekare, Chase et al., 2004) , influenced by high effective dispersal rates from high towards low-quality patches. Under high levels of isolation, high disturbance rates will be responsible for local extinction in small isolated patches. Subsequently, connectivity for the remaining populations will decrease and induce positive feedbacks on overall species incidence in case (even non-catastrophic) disturbances occur in a spatially aggregated way. If the entire metapopulation is subjected to similar levels of substantial disturbance, it will automatically lead to metapopulation extinction, as predicted by the theoretical work of Kallimanis et al. (2005) . Similar results were obtained by Dunstan and Fox (1996) , who found species richness to decrease with patch remnant size and increasing disturbance. As in our study, the interaction between both factors appeared to be important with small remnants being affected worst by increasing disturbance.
The magnitude of trampled area differed significantly between patches under direct influence of either massrecreation, grazing management and those only sporadically visited by humans. Despite the general perception that effects of disturbance on species diversity can be generalised, our study provides clear evidence that different modes of disturbance affect occupancy probabilities of arthropods in a different way.
Probably, temporal differences in disturbance intensity, although superficially resulting in similar environments, underly the observed patterns. Under low patch connectivity, occupancy probabilities are higher for sites under grazing management (Fig. 1) . Additionally, species occupancy decreased with increased cattle trampling but increased if trampling intensity was associated with recreation ( Fig. 2) . These patterns may well make biological sense because trampling due to recreation peaks during few days in the summer period, while trampling by cattle appears to be a more continuous, but less intense. Recreational disturbance occurs consequently during the season when our model species are very mobile. In contrast, if cattle-trampling is fairly high in patches with a similar configuration, this indicates more continuous trampling, with peaks during the winter period, when most species are sedentary (early juveniles, eggs; Maes & Van Dyck, 1999; Turin, 2000) and, hence, most vulnerable to direct trampling effects. Under low trampling intensities, reverse patterns were observed, suggesting that patches under low recreational pressure are characterised by lower occupancy probabilities. Although we controlled for landscape-effects, differences in other habitat deteriorating parameters due to edge effects within different matrixtypes can attribute -at least partly -for the observed patterns here. Especially the lack of sufficient amounts of natural dynamics, changes in vegetation composition and biotic interactions due to increasing abundances of invasive and garden species (Provoost, 2004) , may underlie these patterns, here attributed to disturbance as such. Despite the fact that our findings are purely correlative, they certainly suggest that generalisations of disturbance need to be taken very carefully.
The introduction of grazing management is a systemapproach, in which grazers are introduced within delimited blocks. Spatial autocorrelation of induced trampling disturbance will consequently be responsible for declining occupancy patterns over longer time scales. This will certainly be the case in shrub-dominated dune landscapes where open grey dunes are intensively frequented by cattle (Lamoot et al., 2005) . Here, even intermediate trampling will have an impact on occupancy patterns because the number of occupied patches (and hence focal patch connectivity) in the surrounding will inevitably decrease due to higher average extinction probabilities. Because similar processes can be expected in urbanised areas, autocorrelated disturbance needs to be avoided by the exclusion of (larger) scattered grey dune fragments from cattle and people. Within grazing blocks, this can also be obtained by creating a sufficient amount of high-quality habitat for domestic grazers in order to lower pressure on grey dune habitats with fragile soil conditions. Additionally, as moderate trampling by people appears to be beneficial for the conservation of grey dune invertebrate habitats, soft recreation should be encouraged and even preferred above grazing in small grey dune fragments. manuscript. Dries Bonte holds a post-doc fellowship at the Fund for Scientific Research -Flanders (FWO).
